Background: There is a long lasting dilemma over the ideal screening and diagnostic method in gestational diabetes mellitus (GDM). Even though universal screening is commonly practiced, selective screening based on risk factors is also practiced in some center. The aim of this study is to evaluate the most appropriate method to screen GDM in high-risk pregnant women in Sri Lanka. Methods: This study was a clinic-based, cross-sectional study conducted in a tertiary referral center, Sri Lanka. All women underwent 75 g oral glucose tolerance test at 24-28 weeks of gestation. Diagnosis of GDM was made according to the International Association of the Diabetes and Pregnancy Study Groups (IADPSG) and World Health Organization (WHO) criteria. Results: With universal screening using IADPSG criteria, 23.2% (105/452) were found to have GDM and with risk factor-based screening 20.1% (91/452) were detected to have GDM. The prevalence of GDM dropped to 18.1% when GDM was diagnosed using the WHO criteria with universal screening approach. It was further dropped to 15.7% when the WHO criteria were used along with risk factors-based screening approach. Conclusions: The IADPSG criteria labeled considerably higher number of women as having GDM compared to the WHO criteria. With regards to the screening methods, the risk-based screening had a lower detection rate of GDM; however, it reduced the necessity of screening of women by around 20%.
INTRODUCTION

Gestational diabetes mellitus (GDM) is defined as glucose intolerance that is first detected during
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Open Access population. Therefore, the best method to screen GDM in our population should be based on local data. A previous community-based study carried out in Anuradhapura district showed an inadequacy of selective screening based on conventional risk factors. [3] However, it is not prudent to apply the finding of a community-based study to antenatal clinics settings in tertiary care hospitals as the underlying prevalence of GDM in these two settings are vastly different. Due to these reasons, this study was designed to determine if the universal screening approach is superior to the selective risk factor-based screening among high-risk pregnant women followed up at tertiary care settings in Sri Lanka.
METHODS
Study design and participants
This study was conducted as a clinic-based, cross-sectional study. The sample size was calculated based on the prevalence of GDM in a previous study (21.5%) [20] with 90% statistical power. A total of 452 pregnant women were recruited for the study by simple random sampling method (every third pregnant woman registered in the clinic). Women with preexisting diabetes were excluded from the study. The Regional Ethics Committee of the Faculty of Medicine, University of Ruhuna approved the study protocol and informed written consent was taken from all participants. Pregnant women found to have GDM were referred to the antenatal clinic for follow-up and treatment.
Procedures and variables assessment
An interviewer-administered questionnaire was used to collect relevant data including age, height, weight, family history of diabetes mellitus, history of GDM in previous pregnancies, history of previous delivery of large babies, bad obstetric history (miscarriages, stillbirths, and intrauterine death [IUD]), and socioeconomic status. The body mass index (BMI) of the subjects was calculated using the height and weight.
Standard 75-g oral glucose tolerance tests (OGTTs) were performed in all women during the period of 24-28 weeks of gestation. All OGTTs were performed after an overnight fast of at least 8 h and not exceeding 14 h, and following at least 3 days of unrestricted carbohydrates (>150 g/day) and exercise as per the WHO guidelines. OGTTs were performed according to the standard protocols using the glucose oxidase enzymatic calorimetric method.
For the risk factor-based screening, pregnant women with one or more of the following risk factors were included:
• History of GDM/pregnancy-induced hypertension/ hypertension • Maternal age ≥35 years • Preconception BMI ≥23 kg/m 2 • Bad obstetric history (miscarriages, stillbirths, and IUD)
pregnancy. [1] Although the true prevalence of GDM is unknown, GDM is estimated to affect 3-11% of pregnant women depending on the varying characteristics of the population. In Sri Lanka, the prevalence of GDM was reported to be around 10-8.5%. [2] [3] [4] The prevalence of GDM is rising globally, and it is in keeping with increasing trends of maternal obesity and Type 2 diabetes mellitus (T2DM). The frequency of GDM usually reflects the frequency of Type 2 diabetes in the underlying population. [5] Even though this is a global phenomenon, people live in South Asia are more affected than others. [6] Sedentary lifestyle and changes in dietary practices have contributed to the higher prevalence of obesity, a well-known cause for insulin resistance, thus, making them susceptible to gestational diabetes. [7] Although uncomplicated GDM with mild fasting hyperglycemia is not associated with increased perinatal mortality, it can increase the risk of fetal macrosomia [8] Other possible complications of GDM include neonatal hypoglycemia, jaundice, polycythemia, and hypocalcemia. [9] GDM is also associated with higher rates of cesarean delivery and increased the incidence of maternal hypertensive disorders. [10, 11] Furthermore, women with GDM have increased the risk of developing T2DM after pregnancy, and children who are born to women with GDM also have a higher risk for developing T2DM later in their life. [11, 12] Even though there is conflicting evidence as to the effect of GDM management on the fetal and maternal adverse effect, recent meta-analysis and few other studies had shown a reduction of complications such as preeclampsia, shoulder dystocia, and macrosomia with the treatment of GDM. [10, 11, [13] [14] [15] There is a long lasting dilemma over the exact method and criteria to be used when diagnosing GDM. Variety of diagnostic criteria is used to diagnose GDM, and the World Health Organization (WHO) criteria are one of the commonly used criteria globally. [16] Professional bodies such as Diabetes in Pregnancy Study Group India and Sri Lankan College of Obstetricians and Gynaecologists recommended nonfasting glucose challenge test with cutoff values similar to the WHO criteria. However, the criteria proposed by the International Association of the Diabetes and Pregnancy Study Groups (IADPSG) based on hyperglycemia and adverse pregnancy outcomes study have been accepted by a large number of scientific bodies. In 2011, the American Diabetes Association (ADA) endorsed the IADPSG criteria. [17] While most guidelines including ADA advocate universal testing, few guidelines including National Institute for Health and Care Excellence guideline in 2015 update still recommend selective screening based on the risk factors for GDM. [18, 19] These guidelines or the recommendations are derived from data of unrepresentative populations in other countries and hence should not directly apply to our 
Statistical analysis
To compare the difference between the WHO criteria and IADPSG, as well as selective versus universal methods, Chi-square test was employed. A receiver operating characteristics (ROCs) curve was used to determine the most suitable 2 h value of the OGTT to detect GDM. Analysis was two-tailed and P < 0.05 was considered statistically significant. Data analysis was done using the Statistical Package for Social Science (SPSS, IBM Corp., Armonk, NY, USA) version 18 and standard statistical procedures were applied.
RESULTS
The mean age of the pregnant women was 31.3 years (standard deviation [SD] 6.3) and BMI at booking visit was 22.0 kg/m 2 (SD 4.6). Primiparous women accounted for 28.9% (n = 131) of the study sample [ Table 1 ]. For the universal screening, all 452 pregnant women were considered and for the risk factor-based screening group 359 women with at least one risk factors for GDM were selected.
Of the risk factors of GDM assessed, 15 (4.6%) had a history of GDM, 179 (39.6%) were ≥35 years, 178 (39.3%) had BMI >23 kg/m 2 at booking visit, and 138 (30.5%) had first-degree relatives with diabetes mellitus. The prevalence of the risk factors within the study population and the GDM in each risk factor groups are shown in Table 1 . Out of the risk factors, women who had macrosomia in previous pregnancies had the highest GDM risk (35.7%) followed by the history of GDM (33.3%) and maternal age ≥35 years (31.8%) [ Table 2 ].
According to IADPSG criteria and with universal screening approach, 105 women were found to have GDM. Thus, the prevalence of GDM among women with universal screening was 23.2% (105/452). For the risk factor-based screening, 356 women with at least one risk factor for GDM were selected and of them, 91 had GDM. Thus, the overall prevalence of GDM with risk factor-based screening approach was 20.13% (91/452) [ Table 3 ]. The risk factor-based screening had a sensitivity of 86% in detecting GDM cases.
The prevalence of GDM dropped to 18.1% when GDM was diagnosed using the WHO criteria with universal screening approach. When the WHO criteria were applied to women with risk factors only (risk factor-based screening), prevalence further dropped to 15.7%. Interestingly, FPG criterion (≥126 mg/dL) of WHO detected only six cases (1.3%) of GDM and the remaining 76 cases in the universal screening group and 65 cases in risk factor-based group were detected by 2 h value alone [ Table 4 ].
GDM prevalence based on just one abnormal fasting value was 12.6% (95% confidence interval 11.3-14.1%), detecting 54% of all women labeled as GDM by the Diagnostic performance of two criteria used in this study was further assessed by the area under the ROC curve, and the ability of 2 h value of WHO criteria to predict GDM diagnosed by IADPSG criteria was 0.758 (standard error 0.039). The best cutoff point of 2 h value to predict GDM occurred at 120 mg/dL (sensitivity of 64.9%, the specificity 76.5%) [ Figure 1 ]. The cutoff of 2 h value of 140 mg/dL used in the WHO criteria had a sensitivity of 37% and specificity of 96%, respectively [ Figure 1 ].
DISCUSSION
There is no universally accepted "gold standard method" for the screening for GDM. There is also insufficient evidence of benefits of screening for GDM, and the insufficient evidence could partly be due to rarity of the complications and not having studies sufficiently large enough to look at these rare complications of GDM. Even though the evidence on the benefits of screening strategies for GDM remains problematic, it is a routine practice to screen pregnant women for GDM.
In this study, we used two methods of screening, namely universal and selective risk factor-based screening and two commonly used criteria IADPSG and WHO criteria. This study shows that the prevalence of GDM varied depending on the screening criteria used and screening method used. With IADPSG criteria using universal screening approach, the prevalence of GDM was 23.2%: However it dropped to 20.1% with risk factor-based screening using the same diagnostic criteria. With WHO criteria using universal approach, the prevalence of GDM was 18.1% and with risk factor-based screening it further dropped to 15.7%. Many previous studies have shown that the IADPSG criteria diagnosed considerably higher number of cases as GDM compared to other diagnostic criteria. [21] [22] [23] In our study, the prevalence of GDM according to the WHO criteria was 5% lower than the prevalence detected by IADPSG criteria. However, the clinical significant of higher detection rate of GDM by IADPSG is questionable.
The prevalence of GDM observed in this study is also higher than the prevalence reported in previous studies in Sri Lanka. [2, 7] In 1998, GDM prevalence was reported to be 5.5% in a community-based study. [2] There could be many reasons for the dramatic increment of GDM prevalence in this study. There is accumulating evidence that GDM is a growing problem and the rise in prevalence of GDM may simply reflect the substantial increase in the community prevalence of obesity and Type 2 diabetes. [5] However, the most likely reason for the dramatic rise of the prevalence of GDM in this study is the sample of women that we studied. As the study was carried out in a tertiary care center, it is likely that women with more risk factors for GDM are concentrated in this study sample than a community-based study. Around 80% of women in this study had one or more risk factors for GDM. Thus, it is reasonable to say that the overall prevalence of GDM in a community would be considerably lower than the reported prevalence in this study. Similar to our study, previous hospital-based studies too had shown a higher prevalence of GDM. [24, 25] Our study also confirmed that universal screening is superior to selective risk factor-based screening. Numbers of previous studies too have reported similar findings. Furthermore, universal screening appears to be the most practical approach because 80% of pregnant women had at least one risk factor for GDM. Therefore, majority (80%) would anyway require GDM screening even if the selective screening is chosen. Our result also indicates that if selective screening was used, around 20% of women would not require screening and which in turn would reduce the burden of screening. If the selective risk factor-based screening is practiced in less risk population such as women attending peripheral centers or community antenatal clinics, it is likely that many women would be spared from GDM screening. Therefore, the use of selective risk factor-based screening will largely depend on the prevalence of these risk factors in the screened population.
Based on the finding of this study, we can suggest that universal screening with IADPSG criteria had a higher sensitivity of detecting GDM in tertiary care settings in Sri Lanka and is probably the most practical method for pregnant women followed up at a tertiary referral center.
CONCLUSIONS
The IADPSG criteria labeled considerably higher number of women as having GDM compared to the WHO criteria, and the universal screening had a higher detection rate of GDM than the risk-based screening. However, risk-based screening reduced the necessity of screening by around 20%. In a population like Sri Lanka, where there is a high prevalence of GDM, the number of cases missed with the risk-based screening may be significant. Therefore, universal screening may be more appropriate to use in tertiary care settings in Sri Lanka. However, if the facilities are limited, risk factor-based screening can be used in community clinics where women are less likely to have multiple risk factors for GDM.
